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1.
Introduction

At RAN4#91in Reno, R4-1907736 [1] was presented and includes slides 2 and 3 on UE antenna gain. The document was noted, but some agreements were made in the RAN4#91 Meeting report [2] chairman’s notes. Relevant agreements were on the “combination of beam antenna gain and implementation loss” value, and on how to capture the outcome in TS 38.133. 
This discussion document aims to clarify what these parameters mean, and considers how to capture them in a way that can be used to give clear requirements for the UE and in RRM test cases.
2.
Antenna gain in existing specifications
UE antenna gain was originally considered as one of the factors related to the UE Rx front end which determines UE Reference sensitivity. This is illustrated by the table below extracted from R4-1804589 [3], for Power class 3 Band n260:
	39G
	Intel
	LGE
	Huawei
	MediaTek
	Qualcomm (Plastic Packaging)
	Qualcomm

n260

(Glass)

	Effective realized antenna array gain [dB]
	7.5
	9
	9
	8.5
	10.4
	10.5

	NF [dB]
	11
	11
	12
	10.5
	11.6
	11.6

	Total implementation loss [dB]
	10.9
	9.5
	8
	7.7
	5.0
	8.4

	Form factor de-sense (FFD)
	1
	-
	-
	-
	-
	-

	Sensitivity EIS [dBm]
	-82.61
	-86.73
	-87.01
	-88.31
	-91.81
	-88.3


Table 2 EIS and Contributing Parameters for 39G
As these relate to UE Reference sensitivity, AoA is Rx beam peak direction and fine beams are assumed.

For FR2 UE demodulation, which is related to Refsens, a diagram showing the Reference point is provided in TS 38.101-4 [4]:
The reference point for SNR, Es and Noc of DL signal from the UE perspective is the input of UE antenna array.
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Figure 4.5.1-1: Reference point for radiated Demodulation and CSI requirements
This shows that:

· The level specified in the Test case applies at the Reference point
· Antenna array gain belongs in the “Array” part
· “NF [dB]” belongs in the “RF” part
· Total implementation loss and Form factor de-sense belong either in the “Array” or in the “RF” part
· As Refsens is determined by the combination of these dB contributions, the exact allocation of each contribution to a block in 38.101-4 Figure 4.5.1-1 is not critical    
For SS-RSRP measurements we should consider the definition in TS 38.215 [5]:

5.1.1
SS reference signal received power (SS-RSRP)

	Definition
	SS reference signal received power (SS-RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals. The measurement time resource(s) for SS-RSRP are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration. If SS-RSRP is used for L1-RSRP as configured by reporting configurations as defined in 3GPP TS 38.214 [6], the measurement time resources(s) restriction by SMTC window duration is not applicable.

For SS-RSRP determination demodulation reference signals for physical broadcast channel (PBCH) and, if indicated by higher layers, CSI reference signals in addition to secondary synchronization signals may be used. SS-RSRP using demodulation reference signal for PBCH or CSI reference signal shall be measured by linear averaging over the power contributions of the resource elements that carry corresponding reference signals taking into account power scaling for the reference signals as defined in 3GPP TS 38.213 [5]. If SS-RSRP is not used for L1-RSRP, the additional use of CSI reference signals for SS-RSRP determination is not applicable.

SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.

If SS-RSRP is not used for L1-RSRP and higher-layers indicate certain SS/PBCH blocks for performing SS-RSRP measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRP shall be the antenna connector of the UE. For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches.

	Applicable for
	If SS-RSRP is used for L1-RSRP,

RRC_CONNECTED intra-frequency.

Otherwise,

RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency,

RRC_INACTIVE inter-frequency,

RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


NOTE 1:
The number of resource elements within the measurement period that are used by the UE to determine SS-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

NOTE 2:
The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
In Anritsu’s understanding, the FR2 “combined signal from antenna elements corresponding to a given receiver branch” refers to the output of the “Array” block in TS 38.101-4 Figure 4.5.1-1.

Finally, we consider the FR2 Intra-frequency SS-RSRP accuracy requirements extracted from TS 38.133 [6], taking Intra-frequency as an example:
10.1.3.1.1
Absolute SS-RSRP Accuracy
Unless otherwise specified, the requirements for absolute accuracy of SS-RSRP in this clause apply to a cell on the same frequency as that of the serving cell in FR2.
The accuracy requirements in Table 10.1.3.1.1-1 are valid under the following conditions:

-
Conditions defined in clause 7.3 of TS 38.101-2 [19] for reference sensitivity are fulfilled.
-
Conditions for intra-frequency measurements are fulfilled according to Annex B.2.2 for a corresponding Band for each relevant SSB.

-
The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [19].

Table 10.1.3.1.1-1: SS-RSRP Intra frequency absolute accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 2 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	SCSSSB = 120kHz
	SCSSSB = 240kHz
	
	

	([6]
	([9]
	≥-6
	Same value as SSB_RP in Table B.2.2-2, according to UE Power class, operating band and angle of arrival
	N/A
	-70

	([8]
	([11]
	
	N/A
	-70
	-50

	Note 1:
Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.

Note 2:
Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.

Note 3:
In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.


For FR1, TS 38.215 specifies that the reference point for the SS-RSRP shall be the antenna connector of the UE, which is an accessible point. The applied signal can be measured, the reported SS-RSRP can be compared it to, and a verdict given whether reported SS-RSRP is within the specified accuracy.
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However for FR2, TS 38.215 specifies the SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. The effect of this is to move the definition point to be inside the UE:  
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This definition point is not accessible, and so far RAN4 has not agreed to separately specify the array gain as a requirement. However, the FR2 absolute accuracy requirements in TS 38.133 [6] are currently written in the same way as for FR1, and do not reflect the different definition in TS 38.215 [5].

· Observation 1: the FR2 absolute accuracy requirements in TS 38.133 do not reflect the different definitions for FR1 SS-RSRP and FR2 SS-RSRP in TS 38.215

As a wide range of antenna gain and implementation loss is being considered (-10dB to +20dB in the RAN4 #91 Meeting report [2]), the range of reported values when a defined SSB-RP level is applied at the UE Rx antennas will clearly be wider than the values currently specified in TS 38.133 [6] Table 10.1.3.1.1-1.

· Observation 2: The range of reported SS-RSRP values reported by a conformant UE will be wider than currently specified in TS 38.133 FR2 Absolute accuracy Tables 10.1.3.1.1-1 and 10.1.5.1.1-1  
3.
Specification of reporting accuracy
An agreement was recorded in the RAN4#90bis Meeting report [9] chairman’s notes to use method 3 for testing absolute accuracy (where test limits are determined based on minimum and maximum allowable antenna gain). This has been assumed in recent contributions at RAN4#91, for example in Ericsson R4-1906440 [7] and in Huawei, HiSilicon R4-1906555 [8] which discuss values for the UE antenna gain range.

Based on this agreement and the definition of FR2 SS-RSRP in TS 38.215, Anritsu’s view is that the 38.133 FR2 Absolute accuracy requirements seem meaningless in their current form, because they do not include the effect of antenna gain variation and the existing limits cannot be applied in a network to relate received signal power to reported SS-RSRP. Also, test case limits can only be defined by including antenna gain variation. As a general principle test case limits should be directly traceable to core requirements.
· Observation 3: FR2 SS-RSRP Absolute accuracy reported value test case limits cannot be traceably derived from TS 38.133 FR2 Absolute accuracy Tables 10.1.3.1.1-1 and 10.1.5.1.1-1  
3.1 Rx Beam Peak direction 
Taking the values in R4-1906440 [7] as an example, for Power Class 3 rough beams in Rx beam peak direction, the maximum antenna gain would be +17dBi and the minimum antenna gain would be +0dBi. This is a range of 17dB, and if the UE is calibrated to report nominal value in the centre of this range, we could expect the additional variation in reported SS-RSRP due to antenna gain variation to be (8.5dB. In Anritsu’s view this antenna gain variation should be added to the existing FR2 SS-RSRP absolute accuracy requirements of (6dB (normal conditions, Io ≤ -70dBm) to give ((6dB (8.5dB) = (14.5dB.

The intent of specifying FR2 SS-RSRP Absolute accuracy in beam peak direction is that it is well-defined, and has the smallest variation. We also note that a number of RRM test cases use this condition. 
· Proposal 1: Add antenna gain variation to the existing FR2 SS-RSRP absolute accuracy requirements in TS 38.133 Tables 10.1.3.1.1-1 and 10.1.5.1.1-1
· Proposal 2: Allow FR2 SS-RSRP absolute accuracy requirements in TS 38.133 Tables 10.1.3.1.1-1 and 10.1.5.1.1-1 to be power class dependent
3.2 Spherical coverage directions 
In spherical coverage directions, the UE will always report lower SS-RSRP values than in beam peak direction, as the UE antenna gain will be lower. The lower antenna gain in spherical coverage directions is already included in the measurement side conditions, for example in TS 38.133 [6] Table B.2.2-2. Anritsu’s preference is therefore to refer to this table for the lower SS-RSRP limit, as all the values (which are power class dependent and Band dependent) are already defined there.
· Proposal 3: For SS-RSRP accuracy in spherical coverage directions, refer to values in TS 38.133 side condition Tables B.2.2
The FR2 absolute accuracy tables in TS 38.133 would then look like the example below, where green highlight shows the new features: 
10.1.3.1.1
Absolute SS-RSRP Accuracy
Unless otherwise specified, the requirements for absolute accuracy of SS-RSRP in this clause apply to a cell on the same frequency as that of the serving cell in FR2.
The accuracy requirements in Table 10.1.3.1.1-1 are valid under the following conditions:

-
Conditions defined in clause 7.3 of TS 38.101-2 [19] for reference sensitivity are fulfilled.
-
Conditions for intra-frequency measurements are fulfilled according to Annex B.2.2 for a corresponding Band for each relevant SSB.

-
The measured signals are in the directions covered by the percentile EIS spherical coverage of the UE, defined in clause 7.3.4 of TS 38.101-2 [19].

Table 10.1.3.1.1-1: SS-RSRP Intra frequency absolute accuracy in FR2
	Accuracy for Rx beam peak Angle of Arrival Note 5
	Conditions

	UE Power class
	SSB Ês/Iot
	Io Note 2 range

	1
	2
	3
	4
	
	Minimum Io
	Maximum Io

	Norm
	Ext
	Norm
	Ext
	Norm
	Ext
	Norm
	Ext
	
	
	

	dB
	dB
	dB
	dB
	dB
	dBm / SCSSSB Note 1
	dBm/BWChannel
	dBm/BWChannel

	(
[6+a1]
	([
9+a1]
	(
[6+a2]
	(
[9+a2]
	(
[6+a3]
	(
[9+a3]
	(
[6+a4]
	(
[9+a4]
	≥-6
	Same value as SSB_RP in Table B.2.2-2 Note 4
	N/A
	-70

	(
[8+a1]
	(
[11+a1]
	(
[8+a2]
	(
[11+a2]
	(
[8+a3]
	(
[11+a3]
	(
[8+a4]
	(
[11+a4]
	
	N/A
	-70
	-50

	Note 1:
Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.

Note 2:
Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.

Note 3:
In the test cases, the SSB Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.
Note 4:
According to UE Power class, operating band, SCS and angle of arrival.
Note 5:
For Angles of arrival within EIS Spherical coverage, the lower limit of reported value is decreased by (Minimum SSB_RP in Spherical coverage - Minimum SSB_RP in Rx Beam Peak), where the Minimum SSB_RP values are specified in Table B.2.2-2. 


Editor’s notes for Table 10.1.3.1.1-1: 

- The values of a1, a2, a3 and a4 for Power classes 1 to 4 respectively are FFS, where (ax is the range of antenna gain variation in beam peak direction according to the UE Power class. 

4.
UE Calibration
A practical UE is likely to have some form of calibration to establish a mapping between applied SSB_RP level and reported SS-RSRP value.
· Reported values are normally based on UE measurements using a rough beam

· The UE manufacturer may choose a defined direction such as Rx beam peak
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After calibration, the UE SS-RSRP reporting performance could be represented as below:
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The key pint is that after calibration the UE SS-RSRP reporting performance can be centred, so that the antenna gain range, together with implementation loss, can be a symmetric +/-dB value.

5.
Way Forward

RAN4 is asked to endorse the following proposals:

· Proposal 1: Add antenna gain variation to the existing FR2 SS-RSRP absolute accuracy requirements in TS 38.133 Tables 10.1.3.1.1-1 and 10.1.5.1.1-1
· Proposal 2: Allow FR2 SS-RSRP absolute accuracy requirements in TS 38.133 Tables 10.1.3.1.1-1 and 10.1.5.1.1-1 to be power class dependent
· Proposal 3: For SS-RSRP accuracy in spherical coverage directions, refer to values in TS 38.133 side condition Tables B.2.2
To fully complete the requirements, antenna gain variation would need to be agreed for all UE Power classes, but the RRM test cases can be defined for each power class as soon as the values are agreed.
An accompanying 38.133 CR is provided in R4-1907981 [10].
If the principle is agreed, L1-RSRP would also be affected.
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